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LQGXVWULDO DSSOLFDWLRQV DQGZLGHO\ DFFHSWHGE\ VFLHQWLVWV UHVHDUFKHUV DQG HQJLQHHUV GXH WR WKHLU LQKHUHQW VXSHULRU
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K\EULG FRPSRVLWHV KDYH EHHQ SUHSDUHG 7KH GULOOLQJ RI WKH FRPSRVLWHV LV FDUULHG RXW XVLQJ DQ DXWR IHHG GULOOLQJ
PDFKLQH DQGWKH WKUXVWIRUFHGULOOLQJLQGXFHGGDPDJHVKDYHEHHQHYDOXDWHG IRUGLIIHUHQWIHHGUDWHV XVLQJEUDGDQG
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FRQVWUXFWLRQSDFNDJLQJFRQVXPHUDQGVSRUWVJRRGVPDQXIDFWXULQJHWFEHFDXVHRILWVLQKRPRJHQHLW\QRQGXFWLOLW\
DQGDQLVRWURS\SURSHUWLHV 'DQGHNDUDQG6KLQ%DMSDLHW DO$ QXPEHURIHIIRUWVKDYHEHHQ WDNHQ WR
LQWURGXFH WKH QDWXUDOO\ DYDLODEOH ILEHUV DV DOWHUQDWH UHLQIRUFHPHQW LQ WKH SRO\PHU PDWUL[ FRPSRVLWHV &RPSRVLWH
PDWHULDOVUHLQIRUFHGZLWKQDWXUDOILEHUVSRVVHVVKLJKWHQVLOHVWUHQJWKJRRGGDPDJHWROHUDQFHKLJKVWUHQJWKWRZHLJKW
UDWLRKLJKPRGXOXVWRZHLJKWUDWLRH[FHOOHQW IDWLJXHUHVLVWDQFHDQG FRUURVLYHUHVLVWDQFHZKLFKPDNHWKHPKLJKO\
FRPSHWLWLYH DJDLQVW FRQYHQWLRQDOPDWHULDOV IRU DQ\ VWUXFWXUDO DSSOLFDWLRQV SURYLGHG WKH\ FDQEHPDFKLQHG WR DQ\
GHVLUHGVKDSHDW DQDFFHSWDEOHFRVWDQGTXDOLW\'DQGHNDUDQG6KLQ 7KHGHYHORSPHQWRIJUHHQHFRIULHQGO\
QDWXUDO ILEHU UHLQIRUFHG ELRFRPSRVLWHV LV RQ WKH DQYLO GXH WR WKHLU ORZ FRVW OLJKW ZHLJKW JRRG VWUHQJWK ELR
GHJUDGHDELOLW\DEXQGDQWO\DYDLODEOHDQGUHQHZDEOHLQQDWXUH5DPHVKHWDO 7KHPL[LQJRIQDWXUDOILEHUVZLWK
PDQPDGH ILEHUV KDV LPSURYHG WKH PHFKDQLFDO SURSHUWLHV DQG IRXQG WR EH JRRG DOWHUQDWH UHLQIRUFHPHQW PDWHULDO
5DPHVKHWDO
$ORWRI UHVHDUFKZRUNKDVEHHQFDUULHGRXW LQ WKHILHOGRIGULOOLQJRIFRPSRVLWHPDWHULDODQGUHSRUWHG WKDW WKH
SDUDPHWHUV VXFKDVFXWWLQJ VSHHG IHHG UDWH WRROPDWHULDO WRROJHRPHWU\HWFZLOO DIIHFW WKHTXDOLW\RI WKHGULOOHG
KROHV 0DFKLQLQJRI)53VFDXVHVILEHUSXOORXWSDUWLFOHIUDFWXUHH[FHVVLYHWRROZHDUGHODPLQDWLRQGHERQGLQJDWWKH
ILEHU DQGPDWUL[ LQWHUIDFHDQGVHYHUH HQYLURQPHQWDODQGKHDOWKKD]DUGV7KHUHIRUH WKH VHOHFWLRQRI UHLQIRUFHPHQW
W\SH ILEHU RULHQWDWLRQ WRRO W\SH DQG PDWHULDO PDFKLQLQJ SDUDPHWHUV DUH YHU\ LPSRUWDQW ZKLOH PDFKLQLQJ RI
FRPSRVLWHPDWHULDOV $URODHWDO3UDPQLNHWDO 'DQGHNDUDQG6KLQ7KHUHDUHYDULRXVPHWKRGV




9DODUPDWKLHWDO  DQDO\]HGWKHFXWWLQJFRQGLWLRQVZKLFK LQIOXHQFHVWKHWKUXVW IRUFHLQGULOOLQJRISDUWLFOH
ERDUGSDQHOV)URPWKHUHVXOWVWKH\KDYHREVHUYHGWKDWKLJKVSLQGOHVSHHGZLWKORZIHHGUDWHPLQLPL]HVWKHWKUXVW




IRXQG WKDW WKH FXWWLQJ HGJH KDV PRUH LQIOXHQFH RQ TXDOLW\ RI WKH KROH GULOOHG 7KUXVW IRUFH GXULQJ GULOOLQJ DQG
GHODPLQDWLRQDQDO\VLVRIFDUERQILEHUODPLQDWHVKDVEHHQGRQHE\0DUTXHVHWDO  ZLWKWKUHHFRPPHUFLDOGULOOV
DQGRQHVSHFLDOVWHSGULOO7KHUHVXOWVVKRZHG WKDW WKH VSHFLDOGULOOKDGHQFRXUDJLQJUHVXOWV LQ WHUPVRIPD[LPXP
WKUXVWIRUFHDQGPLQLPXPGHODPLQDWLRQ
'ULOOLQJ RI JODVV33 FRPSRVLWHV ZDV SHUIRUPHG DW WKUHH GLIIHUHQW FXWWLQJ VSHHGV DQG IHHG UDWHV E\
/DNVKPLQDUD\DQDQHWDO 7KH\IRXQGWKDW WKHFXWWLQJVSHHGRIUSPDQGDIHHGUDWHRIPPPLQZDV
JLYLQJWKHGHODPLQDWLRQFORVHUWRWKHDFWXDOYDOXHZLWKPLQLPXPWKUXVWIRUFHDQGWRUTXH7KHTXDOLW\RIWKHGULOOHG
KROH KDV EHHQ DVVHVVHG EDVHG RQ WKH GULOO VL]H WRRO JHRPHWU\ FXWWLQJ VSHHG IHHG UDWH GHODPLQDWLRQ VXUIDFH
URXJKQHVV DQGIRXQG WKDWWKHGULOOJHRPHWU\KDVPDMRULQIOXHQFHRQWKHTXDOLW\RIWKHGULOOHGKROHLQFRPSDULVRQZLWK
RWKHU SDUDPHWHUV 0XUWK\ HW DO  0RKDQ HW DO  $Q LQYHVWLJDWLRQ KDV EHHQ FDUULHG RXW WR HYDOXDWH
PHFKDQLFDODQGPDFKLQDELOLW\FKDUDFWHULVWLFVRIJODVVFRLUSRO\HVWHUFRPSRVLWHVXVLQJIDFWRULDOGHVLJQPHWKRGRORJ\
E\ -D\DEDO HW DO  DQG IRXQG WKDW WKH IHHG UDWH LV SOD\LQJ PDMRU UROH WKDQ RWKHU YDULDEOHV $ GHVLUDELOLW\
IXQFWLRQEDVHGPHWKRGLVDSSOLHGIRURSWLPL]LQJGULOOLQJSDUDPHWHUVVXFKDVVSLQGOHVSHHGDQGIHHGUDWHEDVHGRQWKH
PXOWLSOH SHUIRUPDQFH FKDUDFWHULVWLFV 5DMPRKDQ DQG 3DODQLNXPDU  7KH UHVXOWV LQGLFDWHG WKDW WKH PHGLXP
VSLQGOHVSHHGDQGORZHUIHHGUDWHUHGXFHVWKHKHLJKWRIWKHEXUUGXULQJGULOOLQJDQGVXUIDFHURXJKQHVVRIWKHK\EULG
FRPSRVLWHV
7KH DLPRI WKLVZRUN LV WR VWXG\ WKH LQIOXHQFH RI WRROPDWHULDOV RQ WKUXVW IRUFH DQG GHODPLQDWLRQ RI 6*)53
FRPSRVLWHVE\XVLQJGLIIHUHQWWRROPDWHULDOVOLNHVROLGFDUELGH&67L1FRDWHGVROLGFDUELGH&6&DQGKLJKVSHHG
VWHHO+66DQGWKHUHVXOWVDUHFRPSDUHG 7KHGULOOLQJ RI FRPSRVLWHVLV FDUULHGRXW DW DXWRIHHGGULOOLQJPDFKLQHZLWK
YDULDEOHVSHHGGULYH DQGWKHTXDOLW\RIKROHLV DVVHVVHGEDVHGRQ WKHGHODPLQDWLRQIDFWRUREWDLQHG
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 0DWHULDOVDQGPHWKRGV
 0DWHULDOV
7KH PDWHULDOV XVHG LQ WKH H[SHULPHQW IRU IDEULFDWLQJ FRPSRVLWH VSHFLPHQ DUH VLVDO $JDYH6LVDODQD ILEHU DQG
JODVV ILEHU 7KH VLVDO ILEHUV DUH FROOHFWHG IURP 0DUDQGDKDOOL 'KDUPDSXUL'LVWULFW 7DPLO1DGX ,QGLD 7KH JODVV




7KH 6*)53 K\EULGFRPSRVLWHODPLQDWHVDUHIDEULFDWHGE\XVLQJ FRPSUHVVLRQPRXOGLQJWHFKQLTXH,QLWLDOO\WKH
ILEHUV DUHGULHG LQ DQKRW RYHQ DW & IRUPRUH WKDQKRXUVEHIRUH FRPSRVLWH SURFHVVLQJ WRPDNH VXUH WKDW DOO
DEVRUEHGPRLVWXUHZDVUHPRYHG)RUHDFKW\SHRIFRPSRVLWH WKHILEHUVDQGUHVLQDUHVWDFNHGDOWHUQDWLYHO\$WWRS
DQGERWWRPSRO\WKHQH VKHHWV DUHXVHG WR DYRLG VWLFNLQJRI VDPSOH WR WKHPRXOGSODWHV7KHZKROH DVVHPEO\ZDV
SUHVVHGDWDWHPSHUDWXUHDERXW&DWDSUHVVXUHRI03DIRUVRPHPLQXWHVWKHQWKHSUHVVXUHZDVVXEVHTXHQWO\
LQFUHDVHGXSWR03DIRUPRUHWKDQPLQXWHVDQGWKHQWKHFRPSRVLWHZDVFRROHGXQGHUQRUPDOSUHVVXUH7KHQWKH
FRPSRVLWH ODPLQDWHV ZHUH UHPRYHG IURP WKH FRPSUHVVLRQ PRXOGLQJ PDFKLQH DQG WKH WKLFNQHVV RI WKH SUHSDUHG
FRPSRVLWHVDPSOHZDV PP
 'ULOOLQJPDFKLQHVHWXS
'ULOOLQJRI 6*)53 K\EULG FRPSRVLWHODPLQDWHV LVFDUULHGRXWRQDDXWRIHHGGULOOLQJPDFKLQHZLWKYDULDEOHVSHHG
GULYH0RGHO3$*70DNH&.3DQGDFDSDFLW\RIPP7KUHHGLIIHUHQWW\SHVRIGULOOWRROPDWHULDOVQDPHO\
6& &6& DQG+66 DUHXVHG LQ WKH H[SHULPHQW DUH SUHVHQWHG LQ)LJ$OO WKHGULOOELWVDUHRIEUDGDQGVSXU W\SH
KDYLQJ D FRQVWDQW GLDPHWHU RI PP 7KH G\QDPLF DQG TXDVLVWDWLF PHDVXUHPHQW RI WKH WKUHH RUWKRJRQDO





USP DQG WZR GLIIHUHQW IHHG UDWHV RI  DQG PPUHY 7KH FRPSRVLWH ODPLQDWH ZDV PRXQWHG LQ D GULOOLQJ
PDFKLQH KDV VKRZQ LQ )LJ  7KH WKUXVW IRUFH VLJQDOV DUH UHFRUGHG GXULQJ GULOOLQJ RSHUDWLRQ E\ XVLQJ WKHPXOWL
FRPSRQHQWSLH]RHOHFWULFG\QDPRPHWHUDUHSUHVHQWHGLQ7DEOH7KHFRPSRQHQWVRIWKHFXWWLQJIRUFHVLJQDOVZHUH
SURFHVVHGDQGUHFRUGHGLQDFRPSXWHUZLWKWKHKHOSRIGDWDDFTXLVLWLRQVRIWZDUH
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7DEOH([SHULPHQWDOWKUXVWIRUFHRIWKHFRPSRVLWHVDPSOHV
61R 7RRO0DWHULDO )HHGUDWHPPUHY 7KUXVWIRUFH1
 6&  
  
 &6&  
  










ZLWK WKH KHOS RI WKH SURILOH SURMHFWRU 7\SH0(*$ $ -XQLRU 0DNH0HW]HU 7KHVH GLJLWDO LPDJHV ZHUH
SURFHVVHGE\XVLQJLPDJHSURFHVVLQJVRIWZDUHDQGGDPDJHDUHD LVFDOFXODWHG
7KHGHODPLQDWLRQIDFWRULVGHILQHGLQWKHIROORZLQJHTXDWLRQ
'HODPLQDWLRQIDFWRU)G  'PD[  'DFW «««««««««««««««««««««««««««««««««««««««««««««





61R 7RRO0DWHULDO )HHGUDWHPPUHY 'HODPLQDWLRQPP
3HHOXS 3XVKRXW
 6&   
   
 &6&   
   
 +66   












)LJ 7KHWKUXVWIRUFHUHVSRQVHVLJQDOUHFRUGHGGXULQJ GULOOLQJ )LJ7KUXVWIRUFHYDULDWLRQRIWKH 6*)53FRPSRVLWHVDPSOHV
 'HODPLQDWLRQDQDO\VLV
7KH QDWXUH DQG DPRXQW RI GULOOLQJ LQGXFHG GDPDJH GHSHQGV XSRQ GULOOLQJ SURFHVV SDUDPHWHUV FRQVWLWXHQWV RI
FRPSRVLWHW\SHRIPDWUL[QDWXUHDQGFKDUDFWHULVWLFVRIILEHUVOD\HULQJVHTXHQFHLQWKHFRPSRVLWHODPLQDWHHWF7KH
YDULDWLRQRIGHODPLQDWLRQDWWKHHQWU\RIWKHFXWWLQJWRROZLWKUHVSHFWWRWRROPDWHULDOVLV SUHVHQWHG LQWKH)LJ 7KH
ILJXUHKDV VKRZQDQ LQFUHDVLQJ WUHQGRI WKHGHODPLQDWLRQZLWK WKH LQFUHDVH LQ WKH IHHG UDWH ,W LV IXUWKHUREVHUYHG
WKDW WKHUHLV WKHVKDUSLQFUHDVHLQGHODPLQDWLRQIRU+66WRROZKHQFRPSDUHGWRWKHRWKHUGULOO WRROPDWHULDOV7KH
GHODPLQDWLRQ DW WKH WRRO H[LW RI WKH FRPSRVLWHV LV SUHVHQWHG LQ)LJ 6LPLODU YDULDWLRQRI GHODPLQDWLRQKDV EHHQ
REVHUYHG IRU DOO WKUHH FXWWLQJ WRROPDWHULDOV ,Q HDFK FDVH+66 GULOO KDV UHSRUWHG WKHPD[LPXPGULOOLQJ LQGXFHG
GDPDJH DW GLIIHUHQW FRPELQDWLRQV RI WRROPDWHULDOV DQG IHHG UDWHV 6& DQG &6& GULOOV KDYH UHSRUWHG FRPSDUDEOH
GULOOLQJLQGXFHGGDPDJHZKLFKZDVDOZD\VORZHUWKDQ+66GULOODWGLIIHUHQWSURFHVVSDUDPHWHUVRIFRPSRVLWHV
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 6FDQQLQJ(OHFWURQ 0LFURVFRS\6(0$QDO\VLV





7KH6(0PLFURJUDSKVRI WKH VDPSOH XQGHUZHQW GULOOLQJ DW WKH IHHG UDWHRI PPUHYDQG PPUHYDUH
SUHVHQWHGLQ)LJ DDQGE 7KHEUHDNDJHRIWKHILEHUVGXHWRWKHGULOOLQJDQGILEHUFDPHRXWIURPWKHVDPSOHDUH
FOHDUO\YLVLEOHLQ)LJ  D7KHOD\HUDUUDQJHPHQWRIWKHVSHFLPHQDQGWKHFXWWLQJHGJHVRI WKHILEHUVDUHFOHDUO\
VKRZQLQ)LJ  E)URPWKHILJXUHVLWFDQEHFOHDUO\REVHUYHG WKDWWKHUHDUHPRUHQXPEHURIILEHUVDUHGLVORFDWHG














$ELODVK 16LYDSUDJDVK 0  2SWLPL]LQJWKHGHODPLQDWLRQIDLOXUHLQEDPERRILEHUUHLQIRUFHGSRO\HVWHUFRPSRVLWH -RXUQDORI.LQJ6DXG
8QLYHUVLW\ ± (QJLQHHULQJ6FLHQFHV [[ [[[[[[$UWLFOHLQSUHVV
$UROD ' 6XOWDQ 0%5DPXOX 0  )LQLWH HOHPHQWPRGHOLQJ RI HGJH WULPPLQJ ILEHU UHLQIRUFHG SODVWLFV -RXUQDO RI0DQXIDFWXULQJ
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 
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'DQGHNDU & 56KLQ <&  0XOWLIDFHILQLWHHOHPHQWPRGHOLQJRIPDFKLQLQJXQLGLUHFWLRQDOFRPSRVLWHVSUHGLFWLRQ RIGHERQGLQJDQGILEHU
GDPDJH -RXUQDORI0DQXIDFWXULQJ6FLHQFHDQG(QJLQHHULQJ  
)UDQNH 9  'ULOOLQJ RI ORQJ ILEHU UHLQIRUFHG WKHUPRSODVWLFV ± ,QIOXHQFH RI WKH FXWWLQJ HGJH RQ WKH PDFKLQLQJ UHVXOWV &,53 $QQ
0DQXIDFWXULQJ7HFKQRORJ\  
-D\DEDO 6 1DWDUDMDQ 8 6HNDU 8  5HJUHVVLRQ PRGHOLQJ DQG RSWLPL]DWLRQ RI PDFKLQDELOLW\ EHKDYLRU RI JODVVFRLUSRO\HVWHU K\EULG
FRPSRVLWHXVLQJIDFWRULDO GHVLJQPHWKRGRORJ\ ,QWHUQDWLRQDO-RXUQDORI$GYDQFHG0DQXIDFWXULQJ7HFKQRORJ\ ±
/DNVKPLQDUD\DQDQ 70DGKDYDQ 66LQKD $  ,QYHVWLJDWLRQRIWKUXVWWRUTXHDQGGHODPLQDWLRQRQGULOOLQJRIJODVVIDEULFSRO\SURS\OHQH
PDWUL[ FRPSRVLWH ,((( 3URFHHGLQJV RI QG ,QWHUQDWLRQDO &RQIHUHQFH RQ 0HFKDQLFDO DQG (OHFWULFDO 7HFKQRORJ\ ,&0(7
'2,,&0(7
0DUTXHV $ 7 'XUDR / 00DJDOKDHV $* 6LOYD - ) 7DYDUHV -0 5 6  'HODPLQDWLRQ DQDO\VLV RI FDUERQ ILEHU UHLQIRUFHG
ODPLQDWHV(YDOXDWLRQRIDVSHFLDOVWHSGULOO &RPSRVLWHV6FLHQFHDQG7HFKQRORJ\  
0RKDQ 165DPDFKDQGUD $.XONDUQL 60  0DFKLQLQJRIILEHUUHLQIRUFHGWKHUPRSODVWLFV,QIOXHQFHRIIHHGDQGGULOOVL]HRQWKUXVW
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